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SOME  INTERPRETATIONS  OF  RUNOFF  AND  EROSION 
FROM  TERRACES  ON  BLACKLAND  SOIL' 

By  R.  M.  Smith  and  R.  C.  Henderson,  2 
Western  Soil  and  Water  Management  Research  Branch,  Soil  and  Water  Conservation 
Research  Division,  Agricultural  Research  Service,  U.  S.  Department  of  Agriculture 

INTRODUCTION 

Considerable  information  about  runoff  and  erosion  and  the  various  interrelationships 
involving  terraces  at  the  Blackland  Experiment  Station, Temple,  Tex.,  has  been  published  in 
two  bulletins.'  Since  the  results  are  divided  between  these  two  publications  and  since  addi- 
tional related  information  that  aids  interpretation  has  been  accumulated  during  the  past 
several  years,  it  seems  desirable  to  assemble  and  interpret  further  a  summary  of  the  ter- 
race results  as  a  basis  for  suggested  improvements  in  conservation  practices  and  planning. 
Figure   1  shows  the  kind  of  land  on  which  terracing  studies  have  been  conducted. 
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Figure  1. 


-Aerial  view  of  the  kind  of  land  on  which  terracing  studies  have  been  conducted.  New-type  experimental  parallel  terraces 
now  under  study  are  seen  in  the  right  central  part  of  the  photograph.  Slopes  range  from  1  to  5  percent. 


1  This  work  is  cooperative  with  the  Texas  Agricultural  Experiment  Station. 

2  Soil  Scientist  and  Supervisory  Agricultural  Aid,  respectively,  located  at  Blackland  Experiment  Station,  Temple,  Tex. 

3  Hill,  H.  O.,  Peevy,  W.  J.,  McCall,  A.  G.,  and  Bell,  F.  G.  Investigations  in  erosion  control  and  reclamation  of  eroded  land  at 
the  Blackland  Conservation  Experiment  Station,  Temple,  Tex.,  1931-41.  U.  S.  Dept.  Agr.  Tech.  Bui.  859,  109  pp.  1944.  (In  cooper- 
ation with  the  Tex.  Agr.  Expt.  Sta.) 

Smith,  R.  M.,  Henderson,  R.  C,  and  Tippit,  O.  J.  Summary  of  soil  and  water  conservation  research  from  the  Blackland  Experi- 
ment Station,  Temple,  Texas,  1942-53.  Tex.  Agr.  Expt.  Sta.  Bui.  781,  54  pp.    1954.   (In  cooperation  with  the  U.  S.  Dept.  of  Agr.) 


PRESENTATION 

In  order  to  avoid  as  much  duplication  as  possible,  only  average  annual  summary 
data  are  presented  in  tables  1  and  2.  The  detailed,  annual  data  from  the  24  experimental 
terraces  studied  at  the  Blackland  Experiment  Station  through  a  number  of  years  are 
given  in  the  two  bulletins  mentioned.''  Each  point  in  figures  2  through  6  and  in  figure  13 
is  an  average  annual  result  for  individual  short  terraces  for  indicated  periods  of  years 
as  presented  in  tables  1  and  2.  Apparent  sources  of  variability  are  terrace  design, 
topography,  soil,  crop  or  tillage  condition,  and  average  climate  for  the  years  repre- 
sented. On  the  other  hand,  each  point  in  figures  7  through  1 1  is  a  single-year  result  for 
an  individual  long  terrace  (in  figure  12  a  single-year  result  for  an  individual  short 
terrace),  obtained  directly  or  calculated  from  data  in  the  previous  publications.*  In  these 
figures  the  individual  terrace-year  results  provide  the  wide  range  of  values  that  are 
needed  in  order  to  bring  out  general  relationships  between  runoff  and  erosion.  Apparent 
sources  of  variability,  here,  are  terrace  design,  topography,  soil,  crop  or  tillage  condi- 
tion, and  climate  for  the  individual  years. 

RESULTS    AND    INTERPRETATION 
Short  Terraces  in  Cotton  or  Corn 

As  shown  in  figures  2  and  3,  average  annual  soil  loss  per  terrace  or  per  acre  with 
10  short  terraces  growing  corn  or  cotton  correlated  with  average  annual  volume  of  runoff 
per  terrace.  These  terraces  were  all  between  625  and  938  feet  in  length,  with  channel 
grades  of  3  inches  per  100  feet.  The  records  covered  periods  of  from  3.6  to  12  years. 
Similar  relationships  can  be  shown  by  plotting  individual  terrace-years.  For  example, 
with  closely  related  terraces,  C-5,  C-6,  and  C-7,  involving  36  terrace-years,  the  coeffi- 
cient and  equation  for  tons  of  erosion  per  acre  versus  runoff  per  terrace  were:  r  -  0.84; 
tons   =0.66  (inches  runoff)  -  0.06. 

On  the  same  10  short  terraces  represented  in  figures  2  and  3,  the  amount  of  soil 
removed   per    inch  of  runoff^  increased  as  the  total  volume  of  runoff  increased  (figure  4). 
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Figure  2.--Average  annual  soil  loss  per  terrace  from  short,  Figure  3.--Average  annual  soil  loss  per  acre  from  short,  ridge- 
ridge-type  terraces  of  corn  or  cotton  in  relation  to  acre-  type  terraces  of  corn  or  conon  in  relation  to  acre-inches 
inches  of  runoff.  of  runoff. 


*See  foot.iote  3,  page  3. 

5  Soil  loss  per  inch  of  runoff  provides  a  convenient  comparison  of  the  ease  with  which  soil  is  moved.  The  measurement  may  be 
considered  as  an  expression  of  "erodibllity,"  or  ease  of  removal  per  unit  of  runoff. 
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Figure  4.- -Average  annual  soil  loss  per  acre-inch  of  runoff 
from  short,  ridge-type  terraces  of  corn  or  cotton  in  relation 
to  acre-inches  of  runoff. 
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Figure  5.--Average  annual  soil  loss  per  acre-inch  of  runoff 
from  short,  ridge-type  terraces  of  corn  or  cotton  in  relation 
to  the  vertical  interval  between  terraces. 


When  soil  loss  was  expressed  on  a  basis 
of  land  area  supplying  each  terrace,  there 
Avas  a  higher  soil  loss  per  acre  as  the 
acreage  increased  per  unit  length  of 
terrace.  Moreover,  since  on  any  degree 
of  slope  acreage  per  unit  length  of  ter- 
race increases  as  the  vertical  interval 
increases,  erosion  per  acre  for  the 
terraces  studied  increased  with  in- 
creasing vertical  interval,  as  seen  in 
figure  5, 

Erosion  per  inch  of  runoff  was  higher 
for  3  terraces  on  dominantly  Austin  clay 
with  almost  one-half  Houston  Black  clay 
than  for  terraces  on  Houston  Black  clay  or 
Houston  clay  or  their  combinations 
(figure  4), 

In  3  paired  comparisons  presented 
in  figure  6,  degree  of  land  slope  had  no 
consistent  influence  on  soil  loss  from 
the  terraces. 
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Figure  6.- -Average  annual  soil  loss  per  acre- inch  of  runoff  from 
3  pairs  of  short  terraces,  in  relation  to  percent  slope. 


Long  Terraces  in  Cotton  or  Corn 

Nine  long  terraces  (1,856-  to  1,930-foot  lengths)  showed  generally  less  soil  loss 
per  acre-inch  of  runoff  than  the  short  terraces,  at  equal  or  greater  channel  grades  (table 
1  and  figures  7  and  8).  The  smaller  loss  fronn  long  terraces  was  especially  evident  with 
4   channel-type    terraces    built   at   the    end   of  1939  (table   1  and  figures  9  and  10).  With  the 


-  5 


CO 
rH 
CO 
> 

C 

•H 


CO 

o 

•H 

q; 

> 

bo 
C 

•H 
CO 

o 
o 


CQ 

u 

CO 

0 
>5 

Cm 
O 

CO 

o 

'H 

u 

ft 

fn 
CD 
> 
O 


T5 
C 
CO 

iH 

O 
CO 

CQ 

O 

O 
+= 
■^^ 
O 
o 

o 

c 

fn 
O 
O 

Cm 
O 

CQ 
(U 
O 
CO 

u 
-p 

a 
o 

Cm 

c 
o 

•H 

CO 

o 
a; 

13 

C 

CO 

Cm 
Cm 
O 


•H 

o 

CO 

C 
CD 

CQ 
-P 

(D 
O 
Ih 

a; 
ft 

0 

ft 
o 


C 
o 

CO 
0) 

o 

CO 

u 
u 
<u 
-p 

Cm 
O 

CQ 

-P 
bO 


CO 


Cm                  CO 

CO 

O    C    O    (D  -P 

<u 

O    C/  O    CO  ^ 

o 

O  -H            CO    ^   -p 

CO 

•H    CQ   ^    fn  +=   .H 

u 

+^     O   -P     fH            > 

u 

CD     ^H    -H     QJ     O 

0) 

d:;  <u   :?  -P  -P 

+j 

U   Cm 

(D  c^^          <u  a:^ 

ft   O    (U    hO-P      1 

C    e    CD   -H    f-,c>               1 

C    0    CO   -p    5    0) 

CO 

O    ^1    CO    C         -p 

cu 

•H                  <U    <L) 

o 

CO   ^    C     O     ft   O 

CO 

O    O    O    fH    O    C 

fH 

U    G           0)   iH 

H  -H           ft  CO 

H 

Cm 

.    cd   H    CQ    fn  ^ 

Cm 

bo  :^  -H  CO  0  o 

O 

>    a    O    O    ft  ri 

c 

<lj     d     CQ   H          -H 

s 

rH 

1    <N       CO      1      P! 

fH    <U    IJ    O    O 

(U    bfl  g    ;^  -H 

>•     CO     d     <U     tQ 

<i!          S 

rH    Cm 

1              CD    Cm               I 

0) 

fH     0)     ;3     O     fH     fn 

c; 

(U    bo   G    C    0    (I) 

CO 

>    CO    g    ::(    ft-p 

u 

<                 CO       ?H 

rH    C^^ 

1            CO   Cm 

f-i   <D   :i   O 

OJ    bo  C    C 

>   CO   c  :3 

<                CO      fH 

1             (U 

C    rH    t3     f^   O   -P 

CD    CD    CD    OJ  O    <1> 

^    C    f^    ft  rH     CD 

O           bO                Cm 

1              1 

•rl              fH 

-P    rH     <D    iH 

f^     CD    -p     CO 

0)     O     (3     > 

>           'H 

0) 

T3     ft 

C    O 

CO    rH 

)-^     CO 

,c5 

-p 

bo 

G 

(U 

hJ 

H 

1            CO     1    H 

U     (U      0     a    r-j 

(D    bo  G  -H    cd 
>    CO    d    cd  Cm 

<;        (3   U 

Cm 

o  -a 

u 

ra  o 

^  o   . 

CO  a> 

<U    f-t 

>* 

CO 

(U 

^ 

l-l 

• 

O 

!S 

0} 

o 

a 

u 

u 

<u 

E-i 

C^corH!>c\j-Nroc<^!>-r^oor^c\jNfcn 
lr^^^c^J£>^■N^tXltOrH^^N^rHc\i^^■y■ 


N^Ni■•s^^^^^^^lr^^^\^^C^^-^^^coc^O 


rHNrr\iC5N'^'rHNfC\jmtOCVOCNJ\DC^ 

Nf\OrHvotocM-vrNr!>-inir\0'00'A\D 

^ • 

E:::-0  rH  H  rH 

tONf-ooocM-oor^mcMcrt^  mm 

CMrH-Nl-ONtC\JrH(3NONttOr^rHI>«3 

^rHCMmr^r^mcv)        c^rH         omrHC^ 

■  SO'^C^JC^C^COOCMOrHONONttOvD 
I  -^tOrHmi^ONOOvDC^tOOOCJ^O 
»)•• 

t-Nl-inoNrmi^Nrr^t^r^rHrHOC^^O 

^  rH  rH    rH 

-vtvDO\DrH\OONroc>ivD  r-\  <-\ 

.,-^c^toc^C)C^toc\lCDu^\D'r\<M^-^\D 
c • 

1-1  r^  c^  NT  -sr-Nt  -<^N^c\lN^cMr^£>^o^^m 


jTr^mr^r^r^r^OOrHrHrHrfAr^r^c^ 

1-1 

OOOOOOOOI>'X)vommt>r^ 
^JcM^^N}■cnN^^nc\l^^c\J(^ic\J(^iC^)^Hc^J 

.rHrHrH-NrNfNtOOO\OC>JO"^vO\0 

ocnr^r^m.  in   mNt-Nj-CMCVcnojCMCNjcn 


c\)v£>oONftx)iX)t>-'Ammr^^Dt>i^ 

OONfm.  -Nt(~\J(T\NfCNJC\l(Mm(J\C7NO 
*ItOtXiOtOtX)-00(T^1X>vD^DvOvDvDtX>0 


r>^[>tOtOtOtOOCOmin!>00!>-vO 
-•rHrHrHNj-^Sf-sfCMOOtXl^^OOrH 

hi;r^r<^cnr^c«ir^(^r^r^cnc\ic^r'^r^r<^ 


toa^o^  \D^ovoc^oto■ooc^vOvot>c^ 
^    I     I     I     I     I     I     I     I     I     I     I     I     I     I     I 

aC^<-ir-\<-ir-ir-{ir<C\ir-{i-\r-iC^C^r-\r-{ 

Qcnr^r^  f^c^r^cnr^c^r^c^r^c^r^cn 


:J-o   m[>t>CMCVCMNt-vO\00£>c^r^m[>- 
"^  rH  H  H 


y 
■^ 


OOONt'COOC^O'ArH^DvDCMrM 


O 


CQ 

O 

CD 
fn 
fn 
OJ 
Em 


r^  ^  I>  O 

HrHHlA\OI>Ni-r^C\J 
I       I        I       I       I        I       I       I       I 

•^•aJ-^OOOCQCQ-a; 


rH    rH    rH    rH 


c:n  to  -n}-  m 

rH    rH  CV  rvi  rH  rH 

I        I  I  I  I  I 

<;  <c  >  w  <i;  < 


rHC^^tX300C^CJ^I>- 


N^^^^^c\JC^JN^■cn^^c^J 


\Osf\or^Nh\OrHtcr^ 
m,  [>^DvD\OrHNfr^r^ 


I>(^JO^DCMON^t)0O 
CM  c^  en  CM   C\J  CM  (M 


<MNfc>rHtX)NfC3^C^cn 
tomvD[>Hcnt»NrrH 


vO!>mvD\0!>vOHt> 
<-{r-tr-\r-ir-{r-iC\i(M 


[>r^\OCNJtOONrmO 
CMmmtM(M^vX3CMt» 

NrsfNrNfNfsrvDvOrH 


r^ 


iTi  rn  (^ 


o  o  o  o 

-ptn-^m-p-p-pNfNf 

o  o  o  o 


C!NNt-1XltOa\OrHtOSf 

mr^fMCMCNicnstmcn 


Nj-rHvD_rHCMNrCT>OCy> 

NfNrc<^cncnNrr^cnc\j 


cn[>-mooNmco^D!> 


vD\D^DvOOOt»tXiNf 


cncn(ncnr^CMvDvDC!N 

r^mr^cnr^mr^cncM 


CQ 

cu 
o 

CD 

U 

fn 
bo^  CD 

G  " 
O 
1-1 


^^cnmmm^Nt-N^-^t 

I        I        I        I        I     cS       I        I     c3 

CMCMCMCMCMiTiOO^ 
cnr^cnr^cMNfNf-Nf-J- 


\D\0\0^vDC\i£>t>-CM 


sfmNrvD1X>NfI>C^CM 
OO-vtO^C^OmrHO 


r^Nfc^cnrncnNtNtm 


X><XX 
r^Nl-m^[>r'^stmvO 

r-tr-t^r-\r-ir-ti-ir-ir-{ 

t        I        I        I        I       I        I       I        I 

OOOOCJJOOOO 


-  6  - 


1 

CU 

u 

u 

•  -   (U    (1) 

(U 

1 

!>j  fn  4^ 

> 

c 

Cm 

to    CO 

5 

O 

H           rH 

4^ 

o 

Q) 

O   -vt    rH 

7i 

T3 

.i:^ 

CU 

1  <; 

J2 

4^ 

o 

C  PQ 

0) 

d 

•H 

<D 

T3 

a 

0) 

-H  t3    >i 

^ 

0 

O 

;h 

CO    C    CO 

rH 

<u 

:J  CO  H 

+= 

O 

-o 

Ch 

<        o 

t 

C 

0) 

0) 

•v 

<D 

•r{ 

CO 

^ 

(u  n  >^ 

ho 

CO 

e    1    o 

T3 

4^ 

^ 

•a 

o  m  CO 

•H 

O 

G 

W            rH 

U 

c 

CO 

O 

-eq 

•H 

o 

^  O 

>i 

CO 

0 

-P   CNi    fl 

rH 

<u 

■f 

CO 

•H     1     o 

rH 

o 

a 

>  <C  -p 

CO 

T3 

0) 

0 

CO 

c 

O 

0 

>>    ^7i 

•H 

4^ 

!h 

CO 

CO  ON    o 

bO 

M 

<D 

s J- 

<-\    r-t    X 

•H 

P. 

O      1 

^1 

• 

u 

<;   Cm 

O 

CO 

<U 

0 

>i          H 

4-= 

ft 

s 

O      ^  CO 

<U 

OJ 

O 

O 

CO  txi  ^ 

!h 

r-i 

H 

ft 

H   H     1 

(U 

4^ 

cn 

fQ     1     dj 

> 

0 

nT 

<    C 

o 

fH 

c       o 

xi 

o 

r-H 

o  •- 

o 

Q) 

Cm 

+^     !>3T3 

•H 

O 

0 

CO.  CO    G 

^ 

CD 

4^ 

^ 

U  t-H    CO 

> 

fn 

rt 

4^ 

O    O    ^ 

Ph 

K         >> 

•\ 

<D 

^ 

o 

C    CO 

c^ 

4^ 

^j 

43 

t>j  O  H 

r^ 

en 

H  +^    O 

(^ 

O 

:3 

4^ 

4^    CO 

rH 

4= 

•^ 

a 

to    3    C 

C 

^ 

0 

O    O  -H 

U 

•H 

0 

S  DH  +^ 

O 

!-i 

CO 

+^ 

Tl 

• 

0 

0)  -P  d 

Cm 

0) 

^ 

ft 

fn    fn  <t; 

CO 

ho 

4^ 

CO     CD 

^ 

^ 

0 

»<;-( 

\0 

CO 

ft 

t>          H 

rH 

^ 

0) 

a 

H   73    CO 

1 

o 

H 

H 

1     C  ^ 

o 

CO 

CQ 

O    CO     1 

•H 

fl 

o; 

T3 

t3 

•H 

0 

t:!   !>j  C 

c 

4^ 

C    CD    o 

CO 

CO 

+3 

CO   iH 

CO 

0 

H 

O    4^ 

•v 

> 

(1) 

cd 

;3 

in 

Cm 

fl 

\D  A^    O 

H 

Cm 

0 

H    O   ^ 

1 

• 

Cm 

<M 

•H 

1     CO    CO 

o 

CT> 

O 

<r\ 

4^ 

O  H 

r^ 

C 

-t 

^) 

PQ    0) 

•\ 

O 

13 

0 

fH 

Nf 

H 

fn 

•s 

ft 

m  c  CO 

H 

CO 

2 

H    O 

1 

Cm 

QJ 

+^ 

1    HJ  en 

O 

O 

^ 

O 

ft 

O    to   H 

+= 

H 

• 

•N  o  o 

rT 

Q) 

• 

ft 

>P 

t3 
0 

Nt-   W 

H 

0 

U 

CO 

rt  +^ 

'd 

H          X) 

1 

Q) 

H 

O 

0 

0 

1    4^     fi 

O 

Q) 

x; 

0) 

•H 

0 

H 

O    fn    CO 

^ 

> 

CO 

^t 

0 

CO 

4^ 

4^ 

p 

O 

•H 

fl 

.^  (X     ^ 

P- 

■r) 

CO 

U 

73 

•H 

H          !> 

0) 

4^ 

0) 

Xi 

<D 

•H    0)     1 

o 

CO 

^ 

o 

ca 

?i 

O    fn  O 

><! 

Ch 

•H 

CO    CO 

0) 

CO 

CO 

a> 

Ch 

Cd 

•\ 

<U 

CO 

o 

O 

CO 

>sl>-  \£) 

0) 

o 

9i 

CO 

en 

•\ 

CO  H      1 

s 

CD 

e 

^ 

H 

0 

>> 

H     1    O 

Ih 

Ph 

f^ 

H 

^ 

o  <j; 

+> 

U 

CO 

a; 

^ 

•^ 

1 

<V 

CD 

+= 

(U 

H 

0 

C  73   «^ 

<D 

+= 

> 

fH 

•H 

O    C     1 

bo 

o 

o 

c8 

•s 

4^    CO   O 

t3 

(U 

CO 

4^ 

aJ 

CQ 

CO 

•H 

^ 

0) 

C 

1 

fH 

0       ->  • - 

U 

o 

•r(HCM 

•  • 

cd 

O  \0    l>s 

+= 

CO 

rH 

ft 

0 

W  H    CO 

<U 

1 

u 

rH 

•H 

>> 

1  "-• 

CO 

H 

u 

•H 

CD 

^ 

q;  <a;    O 

CO 

(U 

o 

O 

H 

s 

a 

fH 

XI 

g 

+= 

CO 

cd 

0 

CO      ^A« 

1 

o 

0 

• 

4^ 

lA     O 

T) 

CO 

^ 

Cm 

CO 

•H 

--^ 

4^ 

r\j  H  CO 

CO 

^ 

4^ 

O 

4^ 

(^ 

0 

1      1    H 

O 

o 

•H 

T) 

Cd 

0 

>  <i;  « 

^H 

:5 

4^ 

H 

rH 

0 

J=l 

o 

a 

0) 

0 

4^ 

t3 

-O         •^    C 

4^ 

c 

Q) 

•H 

Ph 

0 

g 

C   Nf     O 

0) 

c 

o 

a 

Ch 

C! 

CO  H  4^ 

u 

•H 

•H 

<u 

H' 

4^ 

1      CO 

Q) 

CO 

> 

g 

0 

g 

cNi  <;  0 

> 

+= 

O 

o 

Q 

•H 

0 

1         o 

H 

^ 

0 

U 

& 

Ch 

cS 

W     -K 

CO 

•H 

w 

Pn 

0 

r^ 

0 

0 

H 

H 

4^ 

rH      rH    H 

o 

J^  CM 

rHcn 

rH 

«■* 

1     r-\ 

CD 

(1) 

•H 

0 

0 

<i;    CD 

fH 

fn 

^ 

Ch 

4^ 

CC 

O 
•H 
-P 

fn 

0) 

> 

C    0) 
(X 

e 
o 

O 
•H 
fn 
(D 
ft 

fH 

> 
O 


> 
O 

rH 
O 

-P 
(D 
0) 


CD 

CO 
-P 


Cm       ' 

Cm   ra 

O    rH 
C     CD 

;3  > 

I     (D 
I    -P 

•    C 

O) 
iH 
,Q 

CO 
E-i 


Cm 

CO 

m 

O    C 

O    0  -P 

<D 

O 

C     O     CD 

t> 

O    -H 

CO    ^   ^ 

CO 

•H     CO 

^     fn    +=   -R 

Pi 

-P     O 

-P     fn           -H 

Pi 

CD     fn 

•H     (U     O     > 

0) 

cn;    (U 

>   -P   -P 

-P 

fH  Cm 

(U  Cm 

a>  Xi 

P(  O 

0)     bB-P      1 

a  Cd  -H  ^st       1 

fl    3 

3  -p  &  0) 

ra 

O      fH 

CO    S        +3 

0) 

•H 

0)    0) 

o 

CO  ^ 

n  cj  P<  o 

? 

O    O 

O      fH      O      C 

Pi 

^    a 

<U  H 

W  VH 

ft    tQ 

H 

Cm 

•    cd 

iH  ra       ^ 

^ 

M  ;:i 

•H  ra  fH  o 

Q 

^    g 

O    O    0)    d 

C 

00    rH     ft-rH 

p 

cd 

f4 

T 

rH 

1 

n       CO      1      C 

u 

(1)  :zi   o  o 

<D 

bo  C    Jh  -H 

> 

CO   p;  (D  w 

< 

CO 

r-i    C^ 

1 

CO    Cm 

U    0) 

0    O    !h      1 

QJ 

0)    he 

C    C    CU    F4 

o 

>      CO 

C   ;=)   ft  (D 

CO 

< 

CD     ^1            -P 

Pi 

iH   Cm 

1            CO   Cm 

U    <V    0    o 

CU    bO  C    R 

>   CO  a  :d 

<            CO     fn 

, 

(D                 -P 

C    rH    T3     fn   O     (U 

CO    0)    CO     0)   O    CD 

^      C      fH      ftrH    Cm 

O 

bfl 

1              1 

•H             ?-, 

-P     rH      OJ     1— 1 

fn     CD   -p     CD 

(D     O     U     > 

>            -H 

0) 

T3    ft 

p;  o 

CO    rH 

1-1   m 

■C 

-p 

bC 

C 

(U 

i-J 

iH 

1 

CD      1 

U 

(U     pi     C    iH 

a> 

bO  P!  -H  iH 

> 

CO     p;     CD     CO 

<j 

CO     Pi   tM 

Cm 

O   T3 

P( 

cn    O 

U    O 

CO     0) 

<D    U 

>H 

CD 

<U 

^ 

CI 

O 

2 

0) 

o 

cd 

Pi 

Pi 

(U 

tH 

\D  00  to 
1>   rH   m 


OvDCMt)0Ot^Or^!> 


■sl--srr^mcMrHr^c\jr^rH 


tX)tX)tX)tX)C0tXlC\i(^J-N^vDt»vDO 

O  rH    rH    rH    rH    rH  rH 


CT\tX)C^rHQCMr^OrHtOQtOr^ 
(\JvD^^N^^^^^c^i^^c^JrH^rH[^- 


:5 


mc^txDOLnr^OCNJOONfCNiO 

£-•     O  rH    rH    rH    rH  rH 


e  rHONrH-NtO!>rHt>OONro-<f 

■3  rH^^U~^r^OOf^N^mN^C^JrH^^ 

I  ••••«•••••••• 

»<  r^cxjcxj-xfinLPirHcv-sfr^rHmcvi 


f\j[>rHtXiO[>tCr^!>C^O<X)m 
c\jr^r\jc^Nt!>r\jtocnrHOC^O 


C\JrHrHC^f^<MrHrHC\lC\lrH(^C\J 


r^r^r>r^r^moOrHrHrHr^r^ 


OOOOOOOOi>t)0vDI>r^ 
,JCMmNrr^^u^r\ir^c\i(MCMrH(M 


.rHrHrH-sr-sr--4-OOOvDrMvDvO 


r\ivDa^o-NttoiDot>u^u^u^[>-"^ 
c^o^■N^^n~^tc\l^^■N^c^^c^i(^JC^O 

tX>tX)t>tOtXitX)0^lX)vDvOvOtX)C^ 


r^CTNONC\jr\iCMtx3to-srcnc\JcntX) 


O«0tXlOCNJOOO 
rHin-OOCMCXiOOO 


CMrHrHCvlC-inmin 


r^r\jOtxir^rHrH[> 

r-t    t-\    r-i  rH    rH    rH 


vOt>mr^rHC\JC\lrH 


O  Q  "^   "■>  LH 


O   ^D  rH  -sT  -sT   vD 


vO-vftX)OrHf\Ju^u-\ 


i>t>vO^(^tn:>-rH 


in  in  O  "^  O  O  O 
OtxDOOOtXDiXitOr^ 


(^ 


in  o<^  c^ 


o  o  o  o 

O  O  O  O 


QNNftXlONOrHtXlNr 


NTrHvDCXJNfOOO 

Nr-sfr^cnNfr^r^c\j 


OiAvDOOmiTi^- 
O\C0tDtX3C^C0tOtO 


rHrHrHrHrHrHrHrH 


■N^N^N^^^■Nl••s^N^o 


cvc\ic\jc\icvc\ic\)(n 


m!>!>t01X)tX3tOtD\O^D^01X)t> 
■tJrHr^r^r^mr^-^NrfMfNjCMCMC^ 


'-r^CM<MvDvD^c\jc\jc\j(MC\ir^c\i 


w-5!>OONrtoor^C^'nrHr\JC\i 

JiJrHrHCNJrHrHrHrHrHrHrHrHrHrH 


c\jr\iC\jr\ic~\ifNjc\jr\i 


o^ON^^-o^'f^r^o 


^^N^cn(^^^■N^^l^ 


r^vDO  OC^00Nt■^n 

rHrHrH'nvO!>Nt-CnC\)rHHrHrH 
I        I        I        I        I        I        I        I        I        I        I        I        I 


M 
(U 
O 
CO 
Pi 
Pi 
0) 
E-i 

bO 

a 
o 


X  X  X  X 


I      I      I      I      I     I      I      I 

00000^^)00 


Pi 
> 

o 

O 


M 
-P 
CO 

o 

Pi 
O 


Pi 
0) 
> 
O 

rH 
O 
+^ 

<u 

QJ 
> 


CO 
CD 

o 

ho 

C 

o 

6 

CO 

w 
c 
o 
m 

•H 
Pi 
CO 
ft 

e 
o 

O 

ft 
O 
Pi 

o 

CD 
H^ 
CO 
Pi 
CO 
ft 

q; 
m 

>> 
p: 

CO 

+^ 

Pi 

o 
ft 
ft 

0 

m 
o 

0 

-IJ     .     . 

CO    rH    1—1 

CT'    0)  (L> 

C[)    rH  rH 

T3    ^  ^ 

CO      CO  CD 

+^  -P 

-p 

o      -    -< 

C    rH    CM 


O 

CO     PI 
•H 
bO 

p;    rH  to 

•H    CNi  O; 

+^  ft 

CD     (U  O 

rH     Pi  rH 

0)      P)  CO 
Pi     bO 

•H  +3 

-Cm  C 

>>^^  0) 

rH  Pi 

rH      to  QJ 

CD     ft  Cm 

O    O  Cm 

Pi  -H 

(J  -a 


ft 
CO 
Pi 


bO  Pi 


pf 

Pi 


•a  o  -H 

Q)  Cm  CO 

4^  O 

O    QJ  Pi 

>  CD 

U 

CO     O  QJ 

p;  -p 

O    QJ  O 

O    ^  QJ 

H^  ft 


to 


CD    O    Q) 

>  -p 

QJ 
QJ  Pi  -P 
>  CD  CO 
Pi    rH    rH 


aS 


o 


to    QJ    O 
I>    ft +^ 

O 
T3 

to     QJ 


C    rH 


4^ 
QJ    4-^ 


13 


p; 

QJ  CO 
O  CO 
Pi  > 
QJ 

C    ft     -> 
O         Nf 
•H     O     • 
4-=    4-'rH 
CD  X 

4^    Pi   !> 
GO    QJ  vD 
>    rH 
4^      O        • 

p;   rH   o 
QJ     O 

B  II 


Pi  Pi 
0  O 
ft"-^ 
X 

w  -a 
p; 


Pi 
bO 

Cm 
to  Cm 
CO    O 

X   p; 

QJ    p( 
t-^    U 

p:  Cm 
•H    O 

CO   ^ 


QJ  QJ  QJ 
^  QJ  QJ 
E-i   CO  CO 


B    U 
O    Q) 


iH      (M     (^     >J 


4^ 

Pi 
O 
Cm 

p: 
o 

•H 
4-= 
CD 

pl 

a*    • 

QJ     CO 

QJ 

QJ     CJ 

,C     CD 

Eh    Pi 

Pi 

•  QJ 
'— «  +3 

rH 

tX)    4^ 
!>     Pl 

o 

•  .C 

rH    4^  > 
P)   -H 
CQ     > 


T5 
QJ 

Pl 
rH 
O 
C 


CO 
Pi 
CD 
QJ 
>i 

Pi 
QJ 
> 
O 


s 


? 


in 

^   o 

a 

« 

(- 

£ 

•3  ^ 

o 

.5  iJ 

k_ 

c 

e- 

o 

•"• 

a 

1 

2  -5 

••- 

0> 

"  S 

k. 

*-  2 

o 

u 

0  ti 

o 

c 

3 

< 

«  0 

N 

ir 

M     ° 

o 

0     ■= 

3 

C 

'-     P, 

f 

<t 

0 

^  o 


<    « 


SUOJ. 

9J3V    Jad   sso~|    ifos    lonuuv 


, 

Lh 

fc 

CD 

(U 

0 

c 

0. 

3 
'0 

1- 


SUOi 

830JJSX    JSd   860~|    |!0S    lonuuv 


So 

a| 

T  .s 

CO  u 

B  nt 
O 

'^  O 


(E     <        _0 


^8 


«  R 


0 

r-^ 

8 

-  9 


60 


40 


20 


1 
• 

• 

Y=  0.45X-  I.IO 
r  =  0.82*''  - 

• 

• 

Figure  9.- 
terraces 
runoff. 


20  40  60 

Annual   Runoff  per  Terroce 
Acre  -  Inches 

-Annual  soil  loss  from  individual,  long,  channel-type 
of    corn    or    cotton  in   relation  to   acre-inches  of 


12 


• 

Y  =  O.I3X-0.87 
r  =  0.82'** 

• 

-  *y^^^ 

^       •••• 

• 

20  40 

Annual  Runoff   per  Terrace 
Acre  -  Inches 


60 


Figure  10,--Annual  soil  loss  per  acre  from  individual,  long, 
channel-type  terraces  of  corn  or  cotton  in  relation  to  acre- 
inches  of  runoff. 


long  terraces,  differences  of  soil,  land  shape,  terrace  design,  vertical  interval,  and  channel 
grade  largely  prevented  direct  comparisons  of  overall  average  losses  per  terrace  asso- 
ciated with  variations  of  single  factors  (table  1).  When  individual  terrace-years  were 
considered,  which  gave  a  wide  range  of  annual  runoff  values,  and  the  long  ridge-type  ter- 
races were  separated  from  the  channel  type,  there  was  a  clear  relationship  between  soil 
loss  per  terrace  or  per  acre  and  acre-inches  of  rvmoff,  both  with  ridge  and  channel  types 
(figures  7-10),  but  there  was  not  a  significant  relation  between  soil  loss  per  acre-inch  of 
runoff  and  acre-inches  of  runoff  (figure  11) .  This  is  different  from  the  short  terraces,  where 
there  was  a  significant  relationship  between  runoff  and  soil  loss  per  inch  of  runoff  (figure  4). 

With  the  long,  channel-type  terraces,  figures  9  and  10,  there  is  an  apparent  tendency 
toward  an  exponential  relationship.  When  the  data  are  treated  logarithmically  the  re- 
gression equations  and  correlation  coefficients  are  as  follows: 

Figure  9:  Y  =   0.98x  -  0.45;  r  ^  0.92 

Figure   10:       Y  =  X  -   1.12;  r  =  0.93 

The  r  values  are  higher  than  with  direct  plotting.  However,  since  the  data  are  linnited, 
with  only  two  high  values  that  emphasize  the  apparent  exponential  relationships,  and  since 
there  are  some  weaknesses  of  log  treatment,  it  is  doubtful  whether  emphasis  should  be 
placed  on  this  approach  in  the  absence  of  innproved  agreement  with  theory. 

In  cases  such  as  figures  7  and  8,  there  are  some  trace  or  zero  values  that  cannot  be 
treated  logarithmically  except  by  assigning  arbitrary  small  values.  Moreover,  if  this  is 
done,  these  values  can  have  a  strong  influence  on  the  regression  and  correlation  calcula- 
tions that  is  not  justified.  When  the  4  entries  involving  trace  or  zero  values  were  dis- 
carded and  remaining  data  of  figure  7  were  treated  logarithmically,  the  regression 
equation  was  Y  =  1.03x  -0.24;r  =  0.95.  The  precision  is  essentially  the  same  as  for  direct 
treatment  of  the  data  where,  with  the  4  additional  entries,  r  =  0.93.  With  figure  8  the 
relationships  are  similar.  Log  treatment  gives  Y  -  1.04x  -  0.85;  r  =  0.95.  With  all  the 
other  curves  there  appears  to  be  no  advantage  from  log  plotting,  because  the  points  for 
larger  absolute  values  follow  a  straight-line  trend  and  there  are  no  concentrations  of 
points  near  zero  for  values  that  are  too  small  to  be  distinguished. 

With  physical  data  as  represented  in  this  paper,  a  basic  weakness  of  log  plotting  and 
regression  analysis  of  log  values  appears  to  be  the  fact  that  the  method  tends  to  distinguish 
and  give  mathematical  weight  to  differences  that  are  too  small  to  have  any  real  meaning  or 
importance.  This  could  be  nnisleading,  because  it  is  the  larger  absolute  values  that  are  of 
primary  interest. 
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Comparisons  of  Short  and  Long  Terraces 

Absolute,  direct  comparisons  between 
long  and  short  terraces  are  not  possible, 
because  channel  grades,  slopes,  vertical 
intervals,  terrace  designs,  and  soils  are 
variable  anaong  the  terraces.  However,  ero - 
sion  from  long  terraces  has  been  somewhat 
less,  generally,  than  from  short  terraces, 
expressed  either  as  tons  per  acre  or  as  tons 
per  unit  of  runoff.  As  an  overall  indication, 
the  average  annual  soil  loss  per  inch  of  run- 
off from  9  long  terraces  was  0.50  ton  com- 
pared to  0.71  for  15  short  terraces,  even 
though  average  channel  grades  for  the  long 
terraces  were  3.0  inches  per  100  feet,  and 
for  the  short  terraces  2.2  inches  (table   1). 


Figure  ll.--Annual  soil  loss  per  acre-inch  of  runoff  from  indi- 
vidual, long,  ridge-type  terraces  of  corn  or  cotton  in  relation 
to  annual  acre-inches  of  runoff. 


Erosion  per  inch  of  runoff  was  distinctly- 
less  on  terraces  C-I3,  C-14,  C-15,  and  C- 
16  after  they  were  converted  into  channel - 
type  terraces  (table  1).  It  is  possible  that  in 
some  places  the  channels  were  cut  into  marly  rock  material  in  the  lower  subsoil,  which 
is     more     resistant    to    erosion    than    the     surface     soil  forming  the  ridge-type  terraces. 

When  the  channel-type  terraces  were  eliminated  from  comparison,  there  was  still 
slightly  less  erosion  per  inch  of  runoff  with  5  long,  ridge-type  terraces,  average  grade 
3.2  inches  per  100  feet,  than  with  the  short,  ridge-type  terraces,  average  grade  2.2 
inches:  0.65  ton  per  inch  of  runoff  with  the  long,  ridge-type  versus  0.71  ton  with  the 
short  terraces  (table   1). 

Comparative  Erosion  With  and  Without  Terraces 

Soil  discharged  at  terrace  outlets,  per  inch  of  runoff,  was  considerably  less  than 
erosion  calculated  from  field-scale  runoff -erosion  plots  for  comparable  slopes  without 
terraces.  Actual  ratios  of  erosion  without  terraces  to  that  with  terraces  were  quite 
variable,  depending  on  slopes,  terrace  designs,  and  other  factors --averaging  5.85,  with 
an  extreme  range  of  from  1.3  to  25.0  (table  1).  Of  course,  it  is  recognized  that  soil  move- 
ment down  slope  and  remaining  in  terrace  channels  is  not  considered  in  this  comparison. 

Terrace  Grades  and  Erosion 

It  is  not  possible  to  draw  any  absolute  conclusions  about  the  influence  of  terrace 
grades  on  erosion  because  of  connplicating  variables  and  limited  replication.  In  general, 
the  losses  may  be  smaller  with  lower  grades,  but  there  are  some  unexplained  results: 
For  example,  terrace  A-20,  with  a  1-inch  grade  shows  higher  average  soil  loss  over  a 
6-year  period  than  several  terraces  with  3-inch  grades.  Also,  the  losses  from  B-3  and 
B-4,  with  zero  grade,  are  higher  per  inch  of  runoff  than  the  average  loss  from  A- 13,  with 
a  3-inch  grade  (table  1).  These  data  suggest  that  volume  of  runoff  plus  land  surface  plus 
soil  characteristics  tend  to  determine  removal  of  soil  regardless  of  channel  grade,  at 
least  within  the  range  of  channel  grades  represented. 


Terraces  in  Oats  and  (or)  Sweetclover 

Data   from   terraces    in   oats    and    (or)  sweetclover  are  summarized  in  table  2.  These 
results    are   less    comprehensive    than  data  for  corn  and  cotton.  The  relation  between  soil 
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loss  and  runoff  per  terrace  is  not  significant,  as  shown  in  figure  12.  There  is  a  non- 
significant suggestion  of  increased  erosion  per  inch  of  runoff  with  increasing  runoff  per 
terrace  or  increasing  vertical  interval  (figure  13).  Also  with  oats  and  (or)  sweetclover, 
factors  expressing  the  ratio  of  soil  loss  without  terraces  to  that  with  terraces  are  gen- 
erally snnaller  than  such  ratios  for  corn  and  cotton. 

Terraces  in  Corn  or  Cotton  With  Oat  Strips 

Terraces  C-13  and  C-16  were  cropped  for  5  years  to  corn  and  cotton  with  about 
half  of  the  land,  immediately  above  the  terrace  channel,  in  permanent  strips  of  oats. 
During  this  period  the  average  annual  runoff  was  5.15  inches  and  erosion  1.25  tons  or 
0.24  ton  per  inch  of  runoff.  Comparable  losses  on  terraces  C-14  and  C-15,  without  the 
oat  strips,  were  6.7  inches  of  runoff,  2.95  tons  of  soil,  and  0.44  ton  per  inch  of  runoff. 
It  is  evident  from  these  results  that  buffer  strips  of  oats  above  terrace  channels  were 
effective  in  reducing  losses  from  terraces,  whether  the  losses  are  expressed  in  terms  of 
soil  loss' per  unit  of  runoff  or  as  total  erosion  per  terrace  or  per  acre. 


Relation  Between  Runoff  and  Rainfall 

Considering  all  terraces  of  corn  or  cotton  there  is  a  highly  significant  relation  between 
runoff  and  rainfall,  as  shown  in  figure  14.  With  oats  and  (or)  clover  the  relationship  is  not 
significant  (figure  15).  Note  that  with  oats  or  clover,  some  values  are  definitely  lower  than 
for  the  row  crops  whereas  others  are  about  equal.  This  is  to  be  expected  because  the  crop 
effect  of  oats  or  clover  is  highly  variable  depending  on  the  season  of  the  rainfall.  The  high 
variability     would     be    even    more    evident    if    individual    years  were  plotted  separately. 

In  figure  14  the  3  terraces  that  are 
partly  Austin  clay  show  sonnewhat  less  aver- 
age runoff  than  those  that  are  all  of  Houston 
Black  clay  or  Houston  clay.  At  the  average 
rainfall  represented,  the  3  terraces  with 
Austin  clay  show  average  runoff  of  about 
0.7  inch  less  than  the  overall  average 
represented  by  the  regression  line. 
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Figure  12.--Annual  soil  loss  from  individual,  short,  ridge-type 
terraces  of  oats  and  (or)  sweetclover  in  relation  to  acre-inches 
of  runoff. 
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Figure  13. — Average  annual  soil  loss  per  acre-inch  of  runoff 
from  short,  ridge-type  terraces  of  oats  and  (or)  sweetclover 
in  relation  to  the  vertical  interval  between  terraces. 
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Figure  14.--Relation  of  average  annual  runoff  to  average  annual 
rainfall  for  all  individual  terraces  during  years  when  crops 
were  corn  or  cotton. 


Figure  15.--Relation  of  average  annual  runoff  to  average  annual 
rainfall  for  all  individual  terraces  during  years  when  crops 
were  oats  and  (or)  sweetclover. 


DISCUSSION  AND  SUMMARY 

This  publication  includes  sunnmary  runoff  and  erosion  data  on  24  individual  terraces 
studied  at  the  Blackland  Experinnent  Station  over  periods  of  from  3.6  to  18  years.  Corn, 
cotton,  and  oats  are  the  major  crops  involved,  with  a  few  terrace -years  of  sweetclover. 
Since  the  results  for  corn  and  cotton  have  not  been  distinctly  different,  these  two  crops 
were  connbined  in  this  analysis.  Similarly,  the  limited  number  of  terrace-years  with  sweet- 
clover alone  or  growing  with  oats  were  combined  with  oats  because  the  results  were  not 
consistently  different. 

With  10  short  terraces,  all  having  channel  grades  of  3  inches  per  100  feet,  and  while 
cropped  to  corn  or  cotton,  the  average  annual  soil  loss  at  the  outlets  correlated  closely 
with  the  average  annual  acre -inches  of  runoff  per  terrace.  Moreover,  there  was  a  highly 
significant  correlation  between  soil  loss  per  inch  of  runoff  and  total  runoff,  and  also  a 
highly  significant  correlation  between  soil  loss  per  acre  and  vertical  interval  between 
terraces.  These  relationships  indicate  that  short  terraces  with  high  vertical  intervals 
or  more  acreage  between  terraces  would  tend  to  keep  their  channels  cleaner  by  channel 
erosion  than  terraces  with  lower  vertical  intervals.  However,  more  soil  per  acre  would 
be  washed  from  the  fields  with  the  higher  vertical  intervals. 

Three  short  terraces  on  dominantly  Austin  clay  showed  more  erosion  per  inch  of 
runoff  than  similar  terraces  that  were  entirely  of  Houston  Black  clay  or  Houston  clay. 
This  indicates  that  Austin  clay  erodes  more  easily  than  the  other  Blackland  soils. 

Nine  long  terraces  showed  less  soil  loss  per  unit  of  runoff  than  short  terraces, 
although  the  average  channel  grades  were  slightly  higher  for  the  long  terraces.  This 
suggests  that  more  of  the  soil  that  was  suspended  and  washed  into  short  terrace  channels 
rennained  in  suspension  long  enough  to  be  carried  to  the  outlets  than  was  the  case  with 
long  terraces. 

With  long  terraces,  when  individual  terrace-years  were  separated  in  order  to  provide 
a   considerable  range  of  values,  there  was  a  highly  significant  relationship  between  acre- 
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inches  of  runoff  and  soil  loss  per  terrace  or  per  acre.  This  was  true  for  ridge -type  and 
channel-type  terraces,  separately.  Erosion  from  the  channel-type  terraces  was  con- 
sistently lower  than  from  the  ridge-type.  With  long  terraces  there  was  not  a  significant 
relationship  between  total  runoff  and  soil  loss  per  inch  of  runoff  as  found  with  short 
terraces.  This  may  be  a  result  of  the  greater  time  for  suspended  soil  to  settle  in  the 
channel  before  reaching  the  outlet  of  long  terraces,  the  same  as  mentioned  in  the  dis- 
cussion of  total  soil  loss  for  the  long  versus  short  terraces. 

There  may  be  an  overall  tendency  for  soil  loss  to  increase  with  increasing  channel 
grades,  but  comparisons  are  generally  confounded  with  other  factors.  The  influence  of 
channel  grade,  up  to  5  inches  per  100  feet,  is  inclined  to  be  overshadowed  by  the  effect 
of  runoff  volume  per  terrace  as  determined  by  terrace  spacings  and  rainfall  character- 
istics. 

It  is  evident  that  runoff  and  erosion  relationships  are  less  definite  for  oats  and  (or) 
sweetclover  than  for  corn  and  cotton.  With  short  terraces  there  was  not  a  significant 
correlation  between  average  annual  soil  loss  per  inch  of  runoff  and  vertical  interval  or 
acreage  between  terraces,  nor  between  annual  soil  loss  per  terrace  and  acre -inches  of 
runoff.  This  is  reasonable  because  crop  effects  with  oats  and  clover  are  known  to  vary 
much  more  than  with  row  crops.  For  example,  oats  or  sweetclover  normally  prevent 
most  erosion  in  April  and  May  even  with  heavy  runoff,  but  when  runoff  occurs  in  late 
summer  or  fall  the  losses  may  be  greater  than  with  row  crops.  The  strong  seasonal 
crop   effect  would  naturally  confound  any  simple  correlations  between  runoff  and  erosion. 

Erosion  losses  without  terraces  derived  for  the  same  crops  from  field-scale  plots 
and  corrected  to  comparable  degrees  of  slope  ranged  from  1.3  to  25.0  times  the  actual 
losses  from  terraces  when  cropped  to  corn  or  cotton,  and  from  0.6  to  5.2  times  when 
cropped  to  oats  or  clover.  In  general,  the  ratio  of  loss  without  terraces  to  that  with  ter- 
races was  greater  for  row  crops  than  for  oats  or  clover  and  was  greater  on  comparable 
percent  slopes  with  low  vertical  intervals  than  with  higher  vertical  intervals  between 
terraces. 

Over  a  5-year  period  oat  strips  above  2  terrace  channels  in  corn  and  cotton  fields 
resulted  in  average  annual  soil  loss  of  0.24  ton  per  inch  of  runoff  compared  to  0.44  ton 
from  2  comparable  terraces  cropped  entirely  to  corn  or  cotton.  The  fact  that  the  oat  strip 
above  the  channel  reduced  soil  loss  out  of  the  cultivated  terrace  channel  shows  that 
channel  erosion  is  influenced  by  the  amount  of  soil  eroded  into  the  channel.  This  tends 
to  confirm  the  idea  already  expressed  that  less  erosion  from  long  terraces  may  be  a 
result  of  nnore  time  for  the  suspended  particles  eroded  into  the  channel  to  settle  out 
before  reaching  the  point  of  discharge. 

Average  annual  runoff  for  corn  and  cotton  shows  a  highly  significant  correlation  with 
rainfall.  The  three  terraces  of  Austin  clay  indicate  about  0.7  inch  less  runoff  than  the 
average  for  terraces  that  are  donninantly  Houston  Black  clay  and  Houston  clay.  Oats 
and  sweetclover  cause  more  variation  in  runoff  relative  to  rainfall  than  occurs  with 
corn  or  cotton. 

As  stated  by  Ayres,^  it  is  generally  accepted  that  terrace  channel  erosion  increases 
consistently  with  channel  grade.  The  fact  that  the  data  presented  fail  to  provide  strong 
confirmation  of  this  point  is  believed  to  illustrate  that  other  factors  tend  to  dominate  in 
determining  the  erosion  losses,  and  that  close  control  of  other  variables  as  well  as 
considerable  replication  would  be  necessary  before  the  effect  of  channel  grade  within  the 
limits  studied  could  be  clearly  demonstrated. 

Greater  channel  erosion  with  short  terraces  than  with  long  terraces  may  be  incon- 
sistent with  some  other  evidences.^  However,  under  local  soil  and  rainfall  conditions, 
the  data  are  rather  convincing  on  this  point. 


Ayres,  Q.  C.  Soil  erosion  and  its  control.    Ed.  1,  365  pp.  McGraw-Hill,  New  York  and  London.    1936. 
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CONCLUSIONS  AND  APPLICATIONS 

Results  presented  indicate  that  with  clean  or  conventional  tillage  of  corn  or  cotton 
the  quantity  of  soil  discharged  from  terrace  channel  outlets  is  related  within  reasonable 
limits  to  quantities  of  runoff.  Moreover,  there  is  a  highly  significant  correlation  between 
average  annual  rainfall  and  average  annual  runoff.  It  appears  that  for  some  purposes, 
in  the  absence  of  erosion  measurements,  these  relationships  may  be  close  enough  to  be 
useful  in  estimating  the  amount  of  soil  removal  from  cultivated  land  or  the  contribution 
to  sediment  loads  of  streams. 

With  small  grain  and  (or)  clover  on  all  or  on  only  part  of  the  land  between  terraces, 
average  soil  and  water  losses  from  terrace  channels  are  lower  than  with  corn  or  cotton. 
This  indicates  that  cropping  practices  are  a  major  factor  influencing  the  functioning  of 
terraces.  However,  for  oats  and  (or)  sweetclover  there  are  no  relationships  between 
erosion  and  runoff,  nor  between  runoff  and  rainfall,  that  appear  to  be  close  enough  to 
have  general  predictive  value. 

It  is  suggested  that  variations  in  terrace  length  and  channel  grade  within  rather  wide 
limits  may  not  result  in  serious  erosion  losses  from  a  field  where  a  conservation  cropping 
system  is  used,  or  where  the  terrace  spacing  is  close  enough  to  prevent  excessive  con- 
centrations of  water.  Under  nnany  conditions  a  most  critical  problem  with  terraces  is 
interterrace  erosion  into  the  channel  in  excess  of  that  discharged  at  the  outlets.  When 
erosion  from  a  field  is  within  established  tolerances  for  the  particular  soil,  moderate 
channel  erosion  might  well  be  considered  as  a  means  of  aiding  terrace  maintenance  and 
of  reducing  hazards  of  serious  overtopping.  Uphill  plowing  or  other  mechanical  method 
of  moving  soil  up  the  slope  out  of  channels  and  onto  the  interterrace  area  appears  to 
need  increased  emphasis  if  erosion  control  by  means  of  terraces  is  to  be  fully  effective. 
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